Abstract. Peptide growth factors play an important role in several intracellular processes, such as cellular growth and differentiation, angiogenesis and apoptosis, as well as in carcinogenesis, since they contribute significantly to the malignant transformation. The prostate gland is abundant in growth factors. The two most known prostatic diseases, prostate cancer (PCa) and benign prostatic hyperplasia (BPH), are among the most common diseases that affect elderly men. This study was conducted using a quantitative real-time RT-PCR method in order to determine mRNA expression levels of peptide growth factors VEGF, FGF2, TGFB1, EGF, and IGF1 in tissue specimens from 42 patients with PCa, 42 with BPH, and 10 normal prostate samples obtained post-mortem from young individuals, in order to examine their association with prostatic hyperplasia and neoplasia. Our results show that in PCa, growth factors VEGF, EGF and FGF2 are overexpressed, while TGFB1 and IGF1 have reduced mRNA levels. In BPH, transcript levels of FGF2 and EGF are normal, while VEGF, TGFB1 and IGF1 exhibit downregulation. Further statistical analysis revealed that PCa patients with high levels of PSA blood levels have decreased FGF2 expression (p=0.016). Additionally, cancer patients with low Gleason score (<7) have increased EGF (p=0.035) and IGF1 (p=0.031) mRNA levels. IGF1 levels are also elevated in tumors with TNM stages T1-T2 (p=0.030). In BPH, older patients have reduced EGF expression (p=0.018), while IGF1 is overexpressed in younger patients (p=0.041). Additionally, the coexpression pattern of the five studied growth factors differs significantly among normal, benign and malignant prostate. These results implicate VEGF, FGF2, TGFB1, EGF and IGF1 in the development of both PCa and BPH, rendering them potential targets for disease detection, monitoring and therapy.
Introduction
Prostate cancer (PCa) is the most common malignancy in the Western world, accounting for more than 230,000 new cases and 30,000 cancer-related deaths per year in the US alone (1) . Although prostate cancer can be treated, when diagnosed at an early stage, patients with advanced or metastatic disease have 5-year survival rates less than 35% (1) . Diets rich in animal fats and red meat and poor in fruits and vegetables have been associated with increased risk of prostate cancer (2) . Moreover, several genetic events, such as androgen receptor polymorphisms (3), c-myc overexpression or PTEN inactivation (4) , have been implicated in prostate carcinogenesis. Identification of genetic markers for early disease detection could lead to improved treatment strategies, prolonging the survival of patients with prostatic neoplasia.
Benign prostatic hyperplasia (BPH), a hypertrophy of the prostate gland that leads to the obstruction of urinary flow, has a severe negative impact on the quality of life in elderly men, since it affects more than 70% of men aged above 70 (5) . More than 40% of BPH cases harbor inflammatory sites, mainly sites with chronic prostatitis (6) , while it has also been suggested that BPH could be the precursor of some cases of prostatic neoplasia, especially those developing in the transition zone of the prostate (7) . Various intracellular alterations, such as reduced expression of steroid hormone receptors, increased angiogenesis and decreased apoptosis, have been observed in BPH (8) , shedding new light on the mechanisms of BPH development and progression.
Peptide growth factors are proteins that regulate cellular growth, differentiation and programmed cell death (apoptosis). Several oncogenes that are involved in the malignant transformation of a cell are growth factors of growth factor receptors. Growth factors use autocrine or paracrine pathways to signal stromal and epithelial cells in the microenvironment. Growth factors play a significant role in the regulation and growth of normal, hyperplastic and malignant prostatic epithelium. The most important ones are: the epidermal growth factor (EGF) family, the fibroblast growth factor (FGF) family, the insulin-like growth factor (IGF) family, the trans-forming growth factor-beta (TGFB) family, and the vascular endothelial growth factor (VEGF) family (9, 10) .
The two most common members of the EGF family are EGF and TGFA. These polypeptides have 35% sequence homology and similar structure, which explains the small differences in their ability to bind and regulate their common receptor the EGFR, a 170 kDa transmembrane protein with tyrosine kinase function (11, 12) . EGF promotes cell proliferation and is involved in embryogenesis, angiogenesis and cellular differentiation (12) . The normal prostatic epithelium produces large amounts of EGF (13) , a function which is regulated by androgens. In benign and malignant prostate, overexpression of EGF protein has been observed. However, these findings are not consistent (14, 15) .
The FGF family of growth factors contains several members, including basic FGF (bFGF or FGF2), acidic FGF (aFGF or FGF1) and keratinocyte growth factor (KGF or FGF7), that have 30-55% amino-acid homology and are expressed in varying levels by prostatic cells (16) . FGFs are mitogenic for various cell types, regulate extracellular matrix remodeling and promote angiogenesis, especially in tumors (16) (17) (18) . FGF2, a 146 amino-acid polypeptide (16) , is abundant in the normal prostate, regulating mesenchymal homeostasis (19) . It is primarily produced by prostatic fibroblasts and its expression is regulated by androgens (20) . FGF2 has also been implicated in the development of BPH, since its mRNA is overexpressed, a finding that correlates with increased stromal proliferation (21) (22) (23) . However, its role in the malignant transformation of the prostate has not been elucidated yet, but it appears that the development of an autocrine FGF2 pathway contributes significantly to the progression of prostatic malignancy to androgen independence. Moreover, its role is significant in tumor angiogenesis, stimulating endothelial cells, and in tumor metastasis, through the remodeling of the extracellular matrix (16, 24) .
TGF-beta family contains five isoforms, TGFB1-B5, of which only TGFB1-B3 are expressed in mammals (25) . The mature polypeptides have 112 amino-acids, share 80% sequence homology and have similar biological activities (26) (27) (28) (29) . TGFB is secreted as an inactive larger polypeptide precursor, which, after processing, gives the active mature 25 kDa polypeptide dimer (30) . TGFB is found in a variety of tissues. Its role is complex, since it can act both as a stimulator or inhibitor of cellular growth, depending on cell type and the state of cellular differentiation (29) . TGFB is important in embryogenesis, stimulates angiogenesis in wound healing (31) , promotes extracellular matrix formation (32) and suppresses the immune system (29, (33) (34) (35) . Its effects are mediated by its receptors, TGFBRs, of which TGFBR1-3 are found in mammals (36) . TGFB has mainly an inhibitory role in the normal prostate, as well as in BPH (37) , controlling proliferation and inducing apoptosis in epithelial cells (38) (39) (40) (41) . In prostatic neoplasia, TGFB levels increase (42, 43) , a finding that is associated with tumor development and progression (43, 44) , because the diverse biological activities of TGFB are exploited by cancer cells. Since TGFB promotes angiogenesis (45) , it allows new vessels to bring nutrients and oxygen to tumor cells. Additionally, as a potent immunosuppressor (29, 34, 35) , it protects cancer cells from the host immune system (46) . Finally, through its role in extracellular matrix formation, it enhances the invasiveness and metastatic ability of malignant cells (47) (48) (49) .
VEGF, a homologue of platelet-derived growth factor (PDGF), often referred to as VEGFA, is a 45 kDa heparinbinding homodimeric glycoprotein. Alternative exon splicing produces four major VEGF isoforms, VEGF 121 , VEGF 165 , VEGF 189 and VEGF 209 , and four less frequent ones. The primary role of VEGF is neovascularization, the stimulation of endothelial cells to form new blood vessels, a function which is mediated by two tyrosine kinase receptors, VEGFR1 and VEGFR2 (50) . VEGF is mainly stimulated by hypoxic conditions (51) , but many other growth factors, and especially FGF2, can lead to its upregulation (50) . VEGF is often called vascular permeability factor, since it enhances vascular leakage, an effect that contributes significantly to tumor development and metastasis (52) . VEGF has been observed in BPH stromal cells (53) , as well as in prostate cancer epithelial cells (53, 54) , where it plays a significant role in tumor growth, inducing angiogenesis. This function, however, is regulated by androgens, since androgen deprivation leads to decreased VEGF expression and to destabilization of VEGF mRNA transcripts (55) .
The IGF family comprises primarily two members, IGF1 and IGF2, single-chain polypeptides that are structurally and functionally similar to insulin (56) (57) (58) . They are a part of a greater protein network that also includes 2 receptors (IGF1R and IGF2R) and 6 binding proteins (IGFBPs) (59) . Both factors are produced in many human tissues, primarily by stromal cells and stimulate epithelial cell proliferation by paracrine action. Production of IGF1 by epithelial cells is one of the changes that accompanies prostate adenocarcinoma development (60) . Moreover, high IGF1 blood levels have been associated with prostatic malignancy (61,62), but not with BPH (63) . It also appears that IGF1 contributes to prostate cancer progression after castration and estrogen therapy.
The purpose of this study was to examine mRNA expression of peptide growth factors EGF, FGF2, TGFB1, VEGF and IGF1, in both benign and malignant prostatic tissues, in order to find any differences from the observed expression in the normal prostatic epithelium, and to determine whether their co-expression pattern is altered or disrupted in benign prostatic hyperplasia or prostate cancer.
Materials and methods
Study populations. Tissue specimens, from 42 patients with prostate cancer who underwent radical prostatectomy and from 42 patients with benign prostatic hyperplasia who underwent suprapubic or transurethral resection, were collected within a 3.5-year period (from May 2000 to November 2003) at the Department of Urology, University Hospital of Heraklion, Crete, Greece. Median age at diagnosis was 68.5 years (range 54-82) for PCa subjects and 72.5 years (range 57-86) for BPH patients. Prostate specific antigen (PSA) blood levels were measured for all patients. Prostate carcinomas stage (TNM) and grade (Gleason score), as well as the presence of inflammation (prostatitis) in BPH subjects, was determined by histological examination using hematoxylin and eosin-stained slides. Since the prostate gland is not normal in old individuals, we used specimens from 10 young subjects (aged 20-28) as a source of normal prostatic tissue. Specimens were collected postmortem, within 8 h of the time of death, at the same hospital. All normal, benign and malignant samples were immediately frozen after surgical removal and stored at -80˚C until used. The clinical and histopathological characteristics of all samples are listed in Table I . The ethics committees of the University of Crete and the University Hospital of Heraklion approved this study and written informed consent was obtained from all participants or their relatives.
RNA extraction and cDNA preparation. Tissue specimens were homogenized in the TRIzol ® reagent (Invitrogen, Carlsband, CA) using a power homogenizer and incubated at room temperature, followed by chloroform addition and centrifugation. Total RNA was precipitated from the supernatant with isopropanol, washed with 75% ethanol and resuspended in 50 µl DEPC-treated water. RNA concentration and purity was calculated after measuring on a UV spectrophotometer its 260 nm absorbance and 260/280 nm absorbance ratio respectively.
cDNA was synthesized by reverse transcription (RT) with the Thermoscript™ RT kit (Invitrogen), using random hexamers as amplification primers. In detail, 2.5 µg of total RNA, 50 ng of random hexamers and 1 mM dNTPs were heated at 65˚C for 5 min, in order to remove RNA secondary structures, and placed on ice until the addition of cDNA synthesis mix, which contains 1X cDNA synthesis buffer (50 mM Tris-acetate pH 8.4, 75 mM potassium acetate, 8 mM magnesium acetate), 5 mM dithiothreitol (DTT), 40 U RNaseOut™ and 15 U Thermoscript™ reverse transcriptase. The final mix (volume 20 µl) was incubated for 10 min at 25˚C for primer extension, and cDNA synthesis was conducted at 55˚C for 50 min. The reaction was terminated by heating at 85˚C for 5 min. In order to remove the RNA template, cDNA was incubated at 37˚C for 20 min with 2 U of E. coli RNaseH, and stored at -20˚C until used.
Real-time reverse transcriptase-polymerase chain reaction assay. Peptide growth factors mRNA expression was measured using a real-time RT-PCR assay with SYBR ® Green I. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as internal control, in order to normalize EGF, FGF2, TGFB1, VEGF and IGF1 mRNA expression levels. The mRNA-specific primers used are listed in Table II . After initial experiments, in order to optimize Mg 2+ , along with primers' concentration and annealing temperature, 1 µl cDNA from normal, benign or malignant prostate samples was amplified in a PCR reaction containing 2X Brilliant SYBR ® Green QPCR Master Mix (containing 2.5 mM MgCl 2 ), 300 nM of each primer and 30 µM Rox passive reference dye, in a final volume of 20 µl. To ensure the accuracy of quantification measurements, a representative pool of all samples was diluted in a series of five 2X dilutions, and was run in the same plate, in order to construct a standard curve for the quantification process. After initial denaturation at 95˚C for 10 min, samples were subjected to 45 cycles of amplification, comprised of denaturation at 95˚C for 30 sec, annealing at 60˚C for 30 sec and elongation at 72˚C for 30 sec, followed by a melt curve analysis, in which the temperature was increased from 55˚C to 95˚C at a linear rate of 0.2˚C/sec. Data collection was performed both during annealing and extension, with two measurements at each step, and at all times during melt curve analysis. All PCR experiments were conducted on Mx3000P real-time PCR Table I . Clinicopathological characteristics of the study groups. 
thermal cycler using the software version 2.00, Build 215 Schema 60 (Stratagene, La Jolla, CA). To verify the results of the melt curve analysis, PCR products were analyzed by electrophoresis in 2% agarose gels, stained with ethidium bromide and photographed on a UV light transilluminator. PCR products length, for all growth factors analyzed, as well as for GAPDH, are stated in Table II . In each PCR reaction two negative controls were included, one with no cDNA template and one with no reverse transcription treatment. Peptide growth factor transcription levels were calculated using the following formula: Normalized Sample/Control = (1+E GF )
-∆Ct GF/(1+E GAPDH ) -∆Ct GAPDH. 2-fold increased or decreased expression was considered significant. Procedures were repeated with cDNA template synthesized 3 times from the same RNA. Each sample's mRNA levels, for every growth factor tested, represent the mean value of data acquired from three independent RT-PCR experiments.
Statistical analysis. Peptide growth factor mRNA levels were first evaluated by one-sample Kolmogorov-Smirnov goodness of fit test, in order to determine whether they follow a normal distribution pattern. Depending on the results, Pearson's correlation or the non-parametric Spearman rank correlation was used to examine their relation pair-wise and their association with continuous variables (Age, PSA levels). Moreover, their association with categorical data (TNM, Gleason score, inflammation) was examined using Student's t-test (after examining for equality of variances with Levene's test), or its non-parametric equivalents Mann-Whitney U and Kruskal-Wallis H tests. Finally, the Chi-square (¯2) test, using Fisher's exact test when indicated by the analysis, was used to examine VEGF, FGF2, TGFB1, EGF and IGF1 expression status with the various clinicopathological parameters after stratification. All statistical analyses were 2-sided and performed with SPSS 11.5 (SPSS, Chicago, IL). Statistical significance was set at the 95% level (p-value <0.05).
Results
This study was conducted in order to determine mRNA transcription levels of VEGF, FGF2, TGFB1, EGF and IGF1 peptide growth factors (GF) using a quantitative real-time RT-PCR method. Representative examples of this analysis are shown in Fig. 1 . After amplification, standard curves were constructed, from samples used in a series of consecutive dilutions, for both the gene of interest (GF) and the internal control, a housekeeping gene used to normalize the detected GF mRNA levels (in this case GAPDH). Then for all samples, excluding those with no amplification plots, or with dissociation curves that show signs of primer-dimer formation or by-products, the expression of both the target and the housekeeping gene were calculated, projecting, with the help of the standard curve, the Ct value of all unknown samples to an mRNA quantity (in this case a relative quantity, since the mRNA copy number for both the GF and GAPDH genes was not determined in the samples used to create the standard curve). Then, the mRNA expression of every sample was normalized by dividing the mRNA value of the GF gene with the GAPDH mRNA value. The normalized values of prostate cancer and benign prostatic hyperplasia samples were divided with the average normalized values of all normal samples. The result of this division provides the relative expression of a PCa or BPH sample in relation to normal controls. Two-fold increased (a value ≥2) or decreased (a value ≤0.5) expression was considered GF mRNA overexpression or downregulation, respectively. In order to verify the quantification process, representative examples of all target and control genes were analyzed in agarose gels, in order to verify the correct size of the PCR products (and the absence of dimers).
The results of the above mentioned analysis are schematically depicted in Fig. 2 , in order to present the expression pattern of all growth factors studied in each benign and malignant prostatic sample. From these results we deduce that the mRNA levels of the five studied growth factors deviate, in most cases, significantly from the normal pattern. In PCa, VEGF is overexpressed in 31% of samples, FGF2 in 44% and EGF in 40%. On the contrary, TGFB1 and IGF1 are downregulated in 41% and 48% of samples respectively. In BPH, while EGF and FGF2 mRNA levels are in the majority of samples normal, the same does not apply for VEGF, TGFB1 and IGF1, which have reduced levels of mRNA transcripts in 60%, 78% and 54% of benign cases, respectively. Additionally, as shown in Table III along with the cumulative results of the mRNA expression analysis, the expression pattern between benign and malignant prostate is different for growth factors VEGF, TGFB1 and EGF (¯2 test, p=0.003, p=0.002 and p=0.008 respectively), suggesting a distinct role for these GFs in prostatic disease. The other two cytokines (IGF1 and FGF2) display a similar expression pattern among PCa and BPH specimens, suggesting a common pathway of action in both prostate cancer and benign prostatic hyperplasia.
Analysis of GF transcription levels and the clinicopathological parameters of PCa specimens revealed interesting associations. Prostate samples that have downregulated FGF2 mRNA levels have higher PSA blood levels than samples that exhibit normal FGF2 expression (mean ± SEM 25.6±7.3 ng/ml versus 11.0±2.9, MannWhitney U test, p=0.016). Additionally, EGF overexpression correlates with less severe tumor growth and progression, since samples that have elevated EGF mRNA levels tend to be of low or medium Gleason score (¯2 test, p=0.035). Another interesting finding is that EGF levels are higher in prostate cancer patients aged <70 years than in older patients (2.8±0.6 vs. 1.8±0.6) (Kruskal-Wallis H test, p=0.056). IGF1 levels also correlate with slower disease progression and differentiation, since prostate tumors, in which IGF1 is overexpressed, have smaller Gleason scores (<7, Fisher's exact test, p=0.031) and are usually detected in earlier disease stages (T1 or T2 tumors, Fisher's exact test, p=0.030) than tumors with normal IGF1 expression. On the contrary, transcript levels of the other two GFs, VEGF and TGFB1, were not correlated with any clinicopathological parameters among prostate cancer specimens.
In BPH, additional associations were discovered. EGF downregulation is observed in patients on average at 8 years older that those with normal EGF mRNA levels (78.0±2.4 years vs. 69.6±1.6, Mann-Whitney U test, p=0.018). IGF1 upregulation is observed in patients on average at 6 years younger that those with normal IGF1 mRNA levels (66.9±2.3 years vs. 73.4±1.4, Kruskal-Wallis H test, p=0.041). Moreover, BPH samples that exhibit reduced TGFB1 mRNA levels have elevated PSA blood levels (2.5±0.3 ng/ml vs. 1.6±0.4) (Kruskal-Wallis H test, p=0.083). All other associations tested, including those of GFs VEGF and FGF2, were not statistically significant.
Finally, with the Spearman rank correlation, we tested, in a pair-wise manner, the co-expression patterns of the five examined growth factors in normal, benign and malignant prostate. This test examines whether two GFs are upregulated or downregulated together (positive correlation), or whether when one GF is overexpressed the other has reduced expression (negative correlation). These results are displayed in Table IV . In normal prostate (Table IVA) only two molecules are co- Table III . mRNA expression analysis of peptide growth factors in prostate cancer and benign prostatic hyperplasia.
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expressed, EGF and FGF2 (Spearman's rho, p<0.001), while two other, TGFB1 and IGF1, are expressed in a reverse manner (Spearman's rho, p<0.001). The first correlation (EGF and FGF2) is retained in BPH (Table IVB ) (Spearman's rho, p=0.017), while the negative correlation between TGFB1 and IGF1 becomes positive (Spearman's rho, p<0.001). Additionally, new positive co-expressions appear, that were not present in normal prostate: VEGF is co-expressed with FGF2 (Spearman's rho, p=0.008), TGFB1 (Spearman's rho, p=0.005) and IGF1 (Spearman's rho, p=0.003); FGF2 is co-expressed with TGFB1 (Spearman's rho, p<0.001) and IGF1 (Spearman's rho, p<0.001); and EGF is co-expressed with IGF1 (Spearman's rho, p=0.034). In prostate cancer (Table IVC) , when compared with normal prostate, the co-expression between EGF and FGF2 is lost, while the negative correlation between TGFB1 and IGF1 becomes positive (Spearman's rho, p<0.001).
Moreover, new positive co-expressions are formed: VEGF is co-expressed with FGF2 (Spearman's rho, p=0.021), TGFB1 (Spearman's rho, p=0.007) and EGF (Spearman's rho, p=0.001); and FGF2 is co-expressed with TGFB1 (Spearman's rho, p<0.001) and IGF1 (Spearman's rho, p<0.001). When compared with BPH, the co-expression patterns of growth factors also differ in PCa. VEGF and EGF co-expression is not present in BPH, while PCa loses three co-expressions present in BPH: VEGF and IGF1; FGF2 and EGF; EGF and IGF1. From the above results we deduce that the coexpression patterns of the five studied growth factors differ significantly among normal, benign and malignant prostate, suggesting that the role these growth factors play in the three conditions of the prostate gland is significantly different.
Discussion
The prostate gland provides the semen with vitamins and other nutrients thus maintaining its vitality during the journey up the female reproductive system. Diseases of the prostate gland, affect millions of people every year, decreasing their quality of life, while in the case of prostate cancer it can prove lethal if not diagnosed in early stages. Identification of genetic and molecular events that could help in the early detection of benign prostatic hyperplasia and prostate cancer, or could be useful as therapeutic targets, is of top priority in research in this scientific field. In this study we determined the mRNA levels of peptide growth factors VEGF, FGF2, TGFB1, EGF and IGF1 in normal, benign and malignant prostate and correlated the results with patients' clinicopathological data, in an attempt to find associations that could be potentially useful in the clinical practice. The growth factors selected are the most common representatives of five very important growth factor families that are involved in nearly all intracellular processes, and therefore influence cells significantly (9, 10) .
The use of a quantitative real-time PCR method also provides several advantages over the semi-quantitative RT-PCR process. Its results are more reliable, since the quantification is not performed during the final PCR cycles, where several inhibitory factors (primer-dimers, Mg +2 and dNTPs depletion, polymerase enzyme loss of activity) can alter the formation of the PCR product, but during the initial quantification cycles, where such limitations do not apply. Table IV . VEGF, FGF2, TGFB1, EGF and IGF1 pair-wise coexpression analysis in normal, benign and malignant prostate. 
Additionally, in real-time QPCR, data collection is performed with a laser, that is far more sensitive than ethidium bromide or Ag + , which are used by the classic PCR products' detection techniques. It is also time-saving, since the overall process takes only a little longer than a standard PCR, while the semi-quantitative PCR requires the analysis of the PCR products in an agarose or polyacrylamide gel, which is timeconsuming. Data quantification is also performed automatically in real-time PCR, with the installed software, and does not require image analysis software, which are expensive and the majority of the work is done manually anyway, that are necessary with the old quantification techniques. Of course there are a few drawbacks. Real-time PCR is more expensive (a side-effect of the increased system sensitivity), since it requires optimized reaction mixes. The analyses are also conducted in triplicates by default, which increases the cost significantly (more PCR master mixes and additional reverse transcription kits, which means that tissue samples, which are usually valuable assets of a laboratory, are depleted more frequently). Additional drawbacks are higher maintenance costs, due to the high-tech instruments, such as the laser, and the fact that during the quantification process the PCR products are not visualized, in order to confirm whether the amplification plots are the correct ones, and not produced from primer-dimers or other by-products. This requires, at least during the initial experiments, the verification of the results obtained from the real-time PCR thermal cycler with gel analysis.
VEGF, as one of the most important promoters of angiogenesis, is overexpressed in a variety of human malignancies (50) , contributing significantly to tumor growth and metastasis. Our results, in which we detected overexpression of VEGF in prostate cancer, are in accordance with previous studies conducted in prostate cancer cell lines and primary tumors (53, 54) . The VEGF mRNA levels do not correlate with any clinicopathological variables, which suggests that VEGF plays an important role during both tumor initiation and progression. On the contrary, VEGF was down-regulated in the majority of our BPH samples. The literature is conflicting regarding this matter, since VEGF has been detected (53) or not (64) in BPH cells. Since FGF2 levels are normal or upregulated in our series of BPH samples, possibly FGF2 is the main angiogenic factor in BPH, and therefore VEGF expression is not necessary in order to induce angiogenesis in prostatic hyperplasia.
TGFB is usually expressed at low levels in the normal prostate gland (39) , while its production is increased mainly after androgen depletion (65) , a process that is reversible upon androgen administration (66) . This increase is also followed by an increase in the levels of TGFBR1 and TGFBR2 (67) . TGFB is usually upregulated in prostate cancer. Its increasing levels correlate with cancer progression (43) . However, in this series of prostate tumors, TGFB1 was downregulated. This can be attributed to the fact that all our cases were androgen-dependent prostate neoplasias, which means that they are still under androgen regulation preventing the elevation of TGFB levels. TGFB1 levels were also downregulated in BPH samples. Previous studies have shown that TGFB2 mRNA levels increase in prostatic hyperplasia (23) . Therefore, the main molecule of the TGFB family that is involved in the pathogenesis of this disease is the TGFB2, indicating that expression of the other two TGFB isoforms is probably not necessary for disease development and progression.
FGF2 is a growth factor that is synthesized by many prostate cell types besides fibroblasts, such as epithelial cells, macrophages and endothelial cells (19, 68) . Its levels usually increase in prostate cancer (24) , an observation which correlates with our findings. FGF2 has the ability to induce malignant epithelial cells to proliferate independently of stromal control (24) , a finding which correlates with disease progression. FGF2 also plays an important role in angiogenesis, by inducing VEGF (50), which was verified by our results, since both factors were overexpressed in PCa and have positive co-expression. Previous studies have shown FGF2 overexpression in BPH (21, 23) . However, in our study samples, FGF2 levels were in most BPH samples normal, although 25% of hyperplasias overexpressed FGF2, indicating that FGF2 is the main angiogenic factor in BPH.
EGF is the ligand of the EGFR, one of the most wellstudied oncogenes. EGF expression is under androgen control in normal prostate, while mRNA overexpression has been detected in the epithelium of PCa specimens (14, 15) . EGF is upregulated in our series of PCa samples, a finding which correlates with tumors with lower Gleason score. This could mean that EGF plays a significant role during the early stages of cancer development, while in later stages its role is not so prominent. EGF levels are normal in BPH. The fact that patients with lower EGF mRNA levels are on average 8 years older than patients with normal EGF levels, indicates that EGF downregulation delays significantly the development of BPH.
IGF1 levels are downregulated in both PCa and BPH. However, about 25% of samples in both diseases overexpress IGF1. This overexpression is correlated with lower Gleason score and tumor stage for PCa samples, which could mean, as in the case of EGF, that IGF1 plays an important role during the early stages of carcinogenesis; and with decreased age in BPH patients, in antithesis to the role EGF plays in prostatic hyperplasia, that IGF1 elevated mRNA levels contribute to earlier BPH development.
The growth factors tested in our study also exhibit different expression and co-expression patterns among normal, benign and malignant prostate. These discrepancies have been observed in various other human malignancies and precancerous lesions (69) , showing that benign and malignant prostatic cells use the network of autocrine and paracrine peptide growth factors in a different manner, in order to achieve their goals, hypertrophy in the case of BPH and immortality in the case of PCa. This study has identified some of the interactions among peptide growth factors, implicating them in the development of both PCa and BPH, and has pointed out associations with patients' clinical and histological parameters, which could lead to early detection and potential therapy for prostatic disease.
